Background: Kidney renal clear cell carcinoma (KIRC) is the most common sub-
and gene products. KEGG pathway enrichment analysis was used to identify the potential functional and metabolic pathways associated with overlap DEGs. KEGG is a collection of databases that store a large number of information about genomes, biological pathways, diseases, chemical substances, and drugs. We performed GO enrichment IL7  ACACB  ACSM3  PCCB  GCDH  FN1  C1QA  C1QB  TYROBP  CXCR4  ECHS1  SDC1  CTSS  TLR3  CD40  BCL6  HADH  ACAT1  ALDH4A1  ALDH6A1  ACAA1  AUH  PCCA and KEGG pathway analysis by using DAVID (Database for Annotation Visualization and Integrated Discovery). DAVID is a commonly used online biological information database that provides comprehensive functional annotation and pathway interpretations (version 6.7)(http://david.ncifcrf.gov). (Ashburner et al., 2000; Dennis et al., 2003; Gene Ontology Consortium, 2006; Huang da, Sherman, & Lempicki, 2009; Papanicolaou, Gebauer-Jung, Blaxter, Owen McMillan, & Jiggins, 2008) 
| Protein-protein interaction (PPI) network construction and module analysis
The Search Tool for the Retrieval of Interacting Genes database (STRING, https://string-db.org/) was used to construct the PPI network. (Szklarczyk et al., 2015) The interactions with a combined score >0.4 were considered significant. The PPI network was visualized through the Cytoscape software. (Smoot, Ono, Ruscheinski, Wang, & Ideker, 2011) Subsequently, Molecular Complex Detection (MCODE) plug-in of the Cytoscape software was applied to screen significant modules from the PPI network. The degree cutoff = 10, node score cutoff = 0.2, k-core = 2, and max. depth = 100 were used as selection criterion. (Bandettini et al., 2012) We also performed Go and KEGG pathway enrichment analysis for the most significant modules. In addition, the Networks Gene Oncology tool (BiNGO) plugin in Cytoscape was used to perform and visualize the biological process analysis of the hub genes. (Maere, Heymans, & Kuiper, 2005) 
| Analysis and validation of hub genes
The hierarchical clustering of module genes was constructed by UCSC Cancer Genomics Browser (http://genome-cancer.ucsc.edu). A network of hub genes and their coexpression genes was established by cBioPortal online platform (http://www.cbioportal.org). The Gene Expression Profiling Interactive Analysis (GEPIA) was used to further confirm the reliability of the expression level of hub genes and their prognostic value. (Cerami et al., 2012; Gao et al., 2013; Tang et al., 2017) The hazard ratio (HR) with 95% confidence intervals (CI) of overall survival was calculated. The Kaplan-Meier curve and boxplot were visualized to present these relationships between gene expression and patients' prognosis. The human protein atlas (HPA, www.proteinatlas. org) database was used to determine the protein expression of the hub genes between KIRC and normal tissues based on immunohistochemistry.
| Identification of small molecules
We compared the overlap DEGs with those in the Connectivity Map database (CMap, http://www.broadinstitute.org/cmap/) to predict potential small active molecular that could reverse the current biological status of KIRC. (Lamb et al., 2006) First, the overlap DEGs were divided into upregulated and downregulated groups. Then different expression significant probesets from each group were selected for gene set enrichment analysis. Finally, the enrichment scores ranging from −1 to +1 were calculated. A positive connectivity value (closer to +1) indicated that the corresponding small molecules could induce the gene expression of KIRC, whereas a negative connectivity value (closer to −1) indicated greater similarity among the genes and the small molecules that could reverse the KIRC cell status.
3 | RESULTS
| Identification of DEGs in KIRC
After the standardization of GSE781, GSE6344, and GSE100666 datasets, a total of 503 overlap DEGs expressed in KIRC tissues were identified with the Limma package. The volcano plot of DEGs of KIRC in each dataset was presented in Figure 2A . The Venn diagrams showed the 503 overlap DEGs among the three datasets (Figure 2Ba ), consisting of 231 upregulated genes ( Figure 2Bb ) and 250 downregulated genes (Figure 2Bc ).
| Enrichment analyses
To better understand the biological functions of overlap DEGs among the three datasets, we performed GO function and KEGG pathway enrichment analysis using DAVID. CD48   CASP1   PTPRC   IL10RA   LILRB2   CCR5   LCK  IL7  ACACB  ACSM3  PCCB  GCDH  FN1  C1QA  C1QB  TYROBP  CXCR4  ECHS1  SDC1  CTSS  TLR3  CD40  BCL6  HADH  ACAT1  ALDH4A1  ALDH6A1  ACAA1  AUH homodimerization activity, glycosaminoglycan binding, and carbohydrate binding. Additionally, the results of KEGG pathway analysis revealed that these DEGs were mainly enriched in valine, leucine, and isoleucine degradation, propanoate metabolism, complement and coagulation cascades, butanoate metabolism, and cell adhesion molecules (CAMs). (Figure 3 ; Table 1 ).
| PPI network construction and module analysis
The PPI network among the DEGs was established by using the STRING database, with 417 nodes and 1912 interactions. (Figure 4a ) Figure 4b presented the most significant module extracted from this PPI network by MCODE. Using KEGG pathway enrichment analysis, the genes in this module were mainly enriched in valine, leucine and isoleucine degradation, propanoate metabolism, and fatty acid degradation. (Table 2 ) Hierarchical clustering indicated that the module genes could basically differentiate the KIRC tissues from the noncancerous tissues. (Figure 5a ) The biological process analysis indicated that the module genes were significantly related to cell cycle arrest, negative regulation of cell cycle, and cell cycle arrest in response to pheromone. (Figure 5b ) ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA with high degree of connectivity were selected as hub genes.
The expression level of ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA in KIRC tissues was significantly downregulated among each dataset. (Figure 6 ). Table S1 showed the full names and function roles of these hub genes.
| Analysis and validation of hub genes
The hub gene expression and their prognostic correlation were further analyzed by GEPIA database. The mining of GEPIA database further confirmed that these hub genes were significantly downregulated in KIRC tissues compared to normal tissues. (Figure 7a ) Based on the prognostic analysis of 516 KIRC patients in GEPIA database, we found that downregulation of ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA were correlated with significantly worse overall survival of patients. (Figure 7b ) The expression level of these hub genes could represent the important prognostic biomarkers for predicting the survival of KIRC patients. Due to the gene expression not always consistent with its protein content, (Maier, Guell, & Serrano, 2009) we used HPA database to further analyze the protein level of hub genes. The immunohistochemical staining results indicated significantly higher positivity for ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA in adjacent normal tissues than in cancer tissues. (Figure 8 ) A network of the module genes and their coexpression genes was constructed using cBioPortal online platform. (Figure  9a ) To further explore the molecular mechanism of the hub genes in KIRC, we predicted potential transcription factors and constructed a regulatory network of lncRNA, miRNA, and mRNA which could be involved in the expression of hub genes by GGBI analysis.(Gene-Cloud Biotechnology Information, Figure S1 & S2).
| Identification of related active small molecules
In order to screen and identify potential therapeutic drugs for KIRC, we uploaded these DEGs which were divided into upregulated and downregulated groups into the CMap database and then matched them with small molecule treatment. The top 20 most significant small molecules with their enrichment scores were shown in Table  3 and Figure 9b . The small molecules of pipemidic acid (enrichment score = −0.853) and dicloxacillin (enrichment score = −0.819) were related to highly significant negative scores, which could imitate the status of normal cells. These potential small molecule drugs could reverse the gene expression induced by KIRC, thus providing new directions and molecular mechanisms for the future development of new targeted drugs for treating KIRC. However, further studies were still required to confirm the value of these candidate small molecules in treating KIRC. KIRC is the most lethal urological disease and the incidence has increased over the past few decades. KIRC is also a heterogeneous histological disease and the mechanisms underlying its occurrence and progression are complex. (Van Poppel et al., 2011; Xue et al., 2012 ) Therefore, identifying the key genes related to the pathogenesis and prognosis of KIRC is urgently demanded. In the present study, we integrated gene expression profiles of GSE781, GSE6344, and GSE100666 from GEO database to screen the differentially expressed genes between KIRC and adjacent normal tissues by bioinformatics techniques. The purpose of our study was to find the novel diagnostic and prognostic biomarkers for KIRC. Additionally, we also identified the candidate small molecule drugs that could reverse the tumoral status of KIRC in order to provide new directions for the future development of new drugs for treating KIRC. A total of 503 overlap DEGs were found among the three datasets, including 231 significantly upregulated genes and 250 downregulated genes. We analyzed the biological process, molecular function, and cellular component of these overlap DEGs using GO enrichment analysis in order to explore their role in the occurrence and development of KIRC. Excretion, defense response, and response to wounding were the top three significantly major functions among the biological process. Molecular function enriched for the DEGs were mainly within identical protein binding, protein dimerization activity, and protein homodimerization activity. Changes in cell component were mainly associated with plasma membrane part, integral to plasma membrane, and intrinsic to plasma membrane. Furthermore, the results of KEGG pathway suggested these DEGs were significantly enriched in valine, leucine and isoleucine degradation, propanoate metabolism, complement and coagulation cascades, butanoate metabolism, and cell adhesion molecules. The cell adhesion molecules are widely involved in the intercellular and cellular-extracellular matrix interactions of tumors. Some adhesion molecules play an important role in tumor recurrence, metastasis, and invasion. (Okegawa, Pong, Li, & Hsieh, 2004) Based on the construction of PPI network and module analysis, ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA with high degree of connectivity were selected as hub genes. They were significantly downregulated in KIRC tissues compared with normal tissues. We used GEPIA database to further validate the results of bioinformatics analysis. Similarly, the mining of GEPIA database also confirmed that these hub genes exhibited significant differences in expression between KIRC and normal tissues. More importantly, these hub genes have important value in predicting the survival of KIRC patients. The low expression level of ACAA1, ACADSB, ALDH6A1, AUH, HADH, and PCCA was significantly correlated with the prognosis of patients. The immunohistochemical staining results revealed that the expression level of hub gene was consistent with their protein expression level, which further validated the accuracy of our findings. The present study first revealed six key genes with the diagnostic, prognostic, and therapeutic value in KIRC. No studies have reported the role of these six key genes in the initiation and progression of KIRC. In order to further enhance the understanding of these hub genes in the pathogenesis of KIRC, we predicted the corresponding potential transcription factors and establish a regulatory network of lncRNA-miRNA-mRNA for each hub gene. The construction of these regulatory networks will contribute in revealing the potential mechanism of these hub genes in KIRC initiation and progression. CENPK, a member of the centromeric protein family, was markedly upregulated in ovarian cancer tissues and associated with poor prognosis in patients. ALDH6A1 and ALDH6A1 were significantly upregulated in metastatic prostate cancer and could be used to predict the survival of patients. (Cho et al., 2018) A previous study showed that HADH knockdown can promote tumor cell migration and invasion by activing Akt signaling pathway. (Shen et al., 2017) Evidence indicated that ACADSB was also markedly downregulated in HCC cell lines. (Nwosu et al., 2018) However, no studies have reported the effects of hub genes on the initiation and progression of KIRC. The above studies indicated these hub genes could play an important role in the occurrence and development of KIRC.
In addition, we used the CMap database to determine a set of potential small molecules which may imitate the gene expression of normal cells. The small molecules with higher negative enrichment scores meant that they are more likely to reverse KIRC gene expression. This work will contribute to developing new target therapeutic drugs for KIRC. The efficacy and safety of pipemidic acid, the most significant small molecule (enrichment score = −0.853), has not been investigated as yet in KIRC. Meanwhile, the relationship between dicloxacillin (enrichment score = −0.819) and KIRC remains little known. Therefore, further studies were urgently demanded to reveal the huge potential of these listed small molecules in treating KIRC.
In conclusion, through a comprehensive bioinformatics analysis for the microarray datasets of KIRC, we first uncovered six novel key genes associated with KIRC initiation and progression. These hub genes could serve as promising novel biomarkers for the diagnosis, prognosis, and treatment of KIRC. A series of detailed analysis were further confirmed their vital roles on the pathogenesis of KIRC. In addition, this study identified a group of candidate small molecule drugs, which could provide new directions for the development of new targeted drugs for KIRC. Taken together, this work provided new insights for KIRC to integrate multiple biomarkers in clinical practices.
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